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(54) Motion pixel distortion reduction for a digital display device using pulse number 
equalization 



(57) A digital display device, such as a plasma dis- 
play or a digital micromin^or device (DMD) based digital 
light projector, employs a minimum moving pixel distor- 
tion (MPD) set of codewords for reducing visually per- 
ceived artifacts viewed on a digital display device 
(PDP). The digital display device includes a minimum 
MPD mapping process, which maps by, for example, a 
ROM look-up table, corresponding present and previ- 
ous pixel intensity values from first and second image 
frames into a preferred equalizing code value corre- 
sponding to the present pixel intensity value. An optimal 
set of equalizing codewords is determined by compar- 
ing objective measures of MPD error for each of a plu- 
rality of trial equalizing codewords and selecting the 
codeword having the smallest measure of MPD error. 



The optimal equalizing codewords are stored in a BOM 
lookup table which is addressed by the previous and 
current codewords. Each current codeword and its cor- 
responding codeword from a previous frame are applied 
to the ROM lookup table which provides the cone- 
sponding equalized codeword. This equalizing code- 
word replaces the current codeword in the display data. 
The digital display device controller then provides the 
display data, line by line, to the digital display device 
(PDP) using a scan driver and a data driver. Once the 
display data is loaded into the P DP for an image, the 
digital display device controller enables the sustain 
pulse drivers to illuminate the addressed cells with the 
intended sustain pulse train encoded by the codeword. 
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Description 

FIELD OF THE INVENTION 

I0(K)1 ] The present invention related to any digital dis- 
play devices which utilize pulse number (or pulse width) 
modulation techniques to express any gray scale or 
color image in digital form, such as in the case of 
plasma display panels and DMD-based digital light pro- 
jectors, more particularly, the present invention relates 
to a method and a apparatus which, respectively, deter- 
mine and apply equalization pulses to be added to or 
subtracted from an existing pulse value that expresses 
certain gray-scale intensity for above mentioned display 
devices. 

BACKGROUND OF THE INVENTION 



through the image. The result is a more uniform tempo- 
ral emission achieved by randomly selecting one of the 
many choices which have the same number of pulses 
for a given pixel value. When randomization is done at 

5 each pixel level, however, the contour artifacts may be 
transformed into moir6-like noise which. In some cir- 
cumstances, may be a little bit less annoying to the 
viewer. This form of system only scatters the artifacts, It 
does not try to minimize them. In addition, because sub- 

10 fields are reserved for artifact compensation, the color 
resolution of the images that can be produced is 
reduced relative to a display device which uses 10 sub- 
fields and does not redistribute errors. 

15 SUMMARY OF THE INVENTION 



[0002] Plasma display panels normally use a pulse 
number modulated binary-coded light-emission-period 20 
(discharge period) scheme for displaying digital images 
with certain gray-scale depth. For a typical 8-bit panel 
(8-bit system), there are 2^=256 possible intensity or 
gray-scale levels for each of the red, green and blue pri- 
mary color signals. To translate each data bit into a 2s 
proper light intensity value on the screen, one TV frame 
period is divided into 8 subfield periods corresponding 
to bit 0 through bit 7 of a binary-coded pixel intensity. 
The number of light-emission pulses (sustain pulses) of 
each discharge period for a cell in the panel varies from 30 
1. 2, 4. 8. 16, 32, 64 to 128 for subfields 1 to 8 respec- 
tively Although this binary-coded scheme is adequate 
for displaying still images, annoying false contours (con- 
tour artifacts) may appear in the image when either a 
subject within the image moves, or viewer's eyes move 35 
relative to the subject. This phenomenon is termed 
moving pixel distortion (MPD). 

[0003] In order to address this problem, some sys- 
tems employ MPD conection with equalization pulses. 
In this situation, the transition between subfields that 4o 
may cause a contour artifact is detected and a light 
emission pulse is added or subtracted before the transi- 
tion occurs. To date, these systems have identified only 
a few transitions for equalization and the particular 
equalization pulses to add have been determined 45 
experimentally. Furthermore, a sophisticated and costly 
motion estimator is needed to achieve motion-depend- 
ent equalization. Other systems may employ a modified 
binary-coded light-emission method to scatter the con- 
tour artifacts. By increasing the number of subfields so 
from, for example, from 8 to 10 in a 8-bit panel, the 
method redistributes the length of the two largest light- 
emission blocks into four blocks with equal length (e g 
64 + 128 = 48 + 48 + 48 +48). To retain the same total 
number of pulses as used in the traditional system, the 55 
number of sustain pulses included in each of these'four 
newly formed blocks is 48. The contour artifacts that 
may appear in this modified system are scattered 



[0004] The present invention relates to a method for 
determining a when to add equalization pules to pulse 
number modulated (PNM) data to be displayed on a 
plasma display device in order to reduce moving pixel 
distortion (MPD). The method objectively analyzes each 
possible transition to determine the likely magnitude of 
the resulting MPD. The method then selectively adds 
equalization pulses and objectively analyzes the MPD 
of the equalized codes. For each possible transition, the 
method records the equalized PNM code that produces 
the least MPD. In operation, the display system moni- 
tors con-esponding pixel values from an adjacent frame 
and substitutes an equalized PNM code as appropriate 
to reduce the MPD resulting from a transition in the 
image from one frame to the next. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] These and other features and advantages of 
the present invention will become apparent from the fol- 
lowing detailed description, taken in conjunction with 
the accompanying drawings, wherein: 

Rgure 1 is a high level block diagram of a simplified 
8-bit plasma display device as is employed in one 
embodiment of the present invention. 
Figure 2A (Prior Art) is a side plan view of a single 
cell of a plasma display device which illustrates a 
cell arrangement of a three electrode surface dis- 
charge alternating current PDP as is used in an 
exemplary embodiment of the present invention. 
Figure 2B (Prior Art) is a partial top plan view of a 
plasma display which illustrates an H x V matrix of 
cells as illustrated in Figure 2a. 
Figure 3 (Prior Art) is a timing diagram which illus- 
trates timing of a conventional PDP driving method 
employing binary codewords to achieve 256 inten- 
sity levels as is known in the prior art. 
Figure 4A is a timing diagram of a transition in an 
image which is useful for describing moving pixel 
distortion. 

Figure 4B is a graph of apparent intensity for the 
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transition shown In Figure 4A. 
Figure 5A is a timing diagrann of a transition in an 
image which is useful for describing a method for 
measuring the MPD error resulting from a transi- 
tion. 

Figure 5B is a graph of the apparent intensity for the 
transition shown in Figure 5A including an indica- 
tion of the measured MPD error. 
Figure 6 is a flow-chart diagram of a method 
according to the present invention. 
Figure 7 is a block diagram of a pixel value transla- 
tion memory which uses the equalized MPD code 
developed using the method shown in Figure 6. 

DETAILED DESCRIPTION 

General Description of Plasma Display Device 

[0006] The Invention is described in terms of a plasma 
display as an exemplary emiDodiment. The application 
of the current invention, however, is independent of the 
particular type of a digital display device as long as it 
employs pulse number modulation or pulse width mod- 
ulation techniques to express any gray scale or color 
image in digital form. 

[0007] Figure 1 is a simplified block diagram of a 
plasma display device as is employed with one embodi- 
ment of the present invention. As shown, the plasma 
display device includes intensity mapping processor 
102, plasma display controller 104. frame memory 106, 
clock and synchronization generator 108 and plasma 
display unit 110. 

[0008] The intensity mapping processor 102 receives 
digital video input, pixel by pixel, of a video image frame. 
The image frame may be of progressive format or inter- 
lace format. For the sake of simplicity, a progressive for- 
mat Is assumed in the materials that follow. Thus, the 
term frame and field are used interchangeably. For color 
images, the video input data for each pixel may consist 
of a red intensity value, a green intensity value and a 
blue intensity value. For the sake of simplicity, the fol- 
lowing discussion only assumes one gray scale inten- 
sity value is being used. The intensity mapping 
processor 102 includes, for example, a look-up table or 
mapping table that translates the pixel intensity value to 
one of a group of intensity levels. Each one of the group 
of intensity levels is defined by a binary codeword. In the 
exemplary embodiment of the invention, each of the 
red, green and blue pixel values is an eight-bit binary 
value. A method according to the present invention 
objectively analyzes transitions between eight-bit pixel 
values from one frame to the next and selectively adds 
or subtracts bits in order to add or subtract sustain 
pulses when the pixel value is reproduced. The bits are 
added or subtracted to minimize the objective measure 
of MPD for the transition. To use the transition codes 
determined by this method, the intensity mapping proc- 
essor 102 includes a frame delay element which pro- 



vides the value of the pixel element from the previous 
frame to the intensity mapping processor 102 along with 
the current value of that pixel element. The processor 
102 recognizes transitions that may benefit from equali- 

5 zation and changes the value of the current pixel ele- 
ment to add or subtract equalization pulses as 
determined by the above method. 
[0009] The intensity mapping processor 1 02 may also 
include an inverse gamma correction sub-processor 

10 which reverses the gamma correction that was per- 
formed on the signal at the source. This gamma correc- 
tion adjusts for noniinearities in the reproduction of 
images on cathode ray tubes (CRTs). The exemplary 
plasma display device does not need gamma correc- 

15 tion. Accordingly, the inverse gamma conrection circuitry 
reverses the gamma correction algorithm that was 
applied at the signal source. 

[0010] The frame memory 106 stores display data 
which is the intensity level, in equalized PNM format, for 

20 each pixel of a scan line of a frame and a corresponding 
address for the plasma display unit 1 10 determined by 
the plasma display controller 104. 
[001 1 ] The plasma display unit 110 further includes a 
plasma display panel (PDF) 130. an addressing/data 

25 electrode driver 132, scan line driver 134. and sustain 
pulse driver 136. The PDF 130 is a display screen 
formed using a matrix of display cells, each cell corre- 
sponding to a pixel value to be displayed. The PDF 130 
is shown in more detail in Figure 2a and 2b. Figure 2a 

30 illustrates an arrangement of a three electrode surface 
discharge alternating current PDF 130. Rgure 2b 
shows the matrix formed by HxV cells, where H is the 
number of cells on a row of the matrix and V is the 
number of cells on a column. 

35 [001 2] As shown in Figure 2a, each cell In the POP 
130 is formed between a front glass substrate 1 and a 
rear glass substrate 2. The cell includes an addressing 
electrode 3. an intercell barrier wall 4, and a fluorescent 
material 5, deposited between the walls. The PDF cell is 

40 illuminated by a potential established and maintained 
between an X electrode 7, the addressing electrode 4 
and a Y electrode 8. The X and Y electrodes are cov- 
ered by a dielectric layer 6. Light emission in the cell is 
established by an addressing electrical discharge 

45 between the addressing electrode and the Y electrode 
8. The Y electrodes are scanned line by line while the 
addressing electrodes apply a potential to the cells on 
. the line that are to be illuminated. The difference in 
potential between the Y electrode and the addressing 

50 electrode causes a discharge which establishes an 
electrical charge on the ban-ier walls of the cell. Light 
emission in a charged cell is maintained through appli- 
cation of sustain pulses (also known as sustain or main- 
tenance discharges) between the X and Y electrodes. 

55 The sustain pulses are applied to all of the cells in the 
display but an illuminating discharge occurs only in 
those cells which have an established wall charge. 
[0013] The addressing/data electrode driver 132 
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(shown in Figure 1) receives the display data for each 
line of the scanned image from the frame memory 106. 
As shown, the exemplary embodiment includes 
addressing/data electrcxJe driver 132 which may also 
include separate display data drivers 150 for the upper 5 
and lower portions of the display. By enabling the 
addressing/electrode driver 132 to process the upper 
and lower portions of the display separately, the time to 
Fetrieve and load data may be reduced. However, the 
present invention is not so limited, and a single address- 10 
ing/data electrode driver 132 sequentially receiving data 
for the entire display may also be used. Display data 
consists of each cell address corresponding to each 
pixel to be displayed, and the corresponding intensity 
level codeword (determined by the intensity mapping ,5 
processor102). 

[0014] The scan line driver 1 34, responsive to control 
signals from the plasma display controller 104, sequen- 
tially selects each line of cells corresponding to the 
scanning line of the image to be displayed. The scan 20 
line driver 134 works with the addressing/data electrode 
driver 132 to erase the wall charge from each cell and 
then selectively establish a wall charge on each cell that 
is to be illuminated. Each cell is either turned on or 
turned off for a subfield sustain interval during the 2s 
addressing interval of the subfield period. The relative 
brightness of a cell Is determined by the amount of time 
(nunrt)er of sustain pulses) in any field interval in which 
the ceil is illuminated. 

[0015] The sustain pulse driver 136 provides the train 30 
of sustain pulses for maintenance discharge corre- 
sponding to the selected display data value. As shown 
previously, the X electrodes of the PDF are tied 
together. The sustain pulse driver 136 applies sustain 
pulses for a period of time (maintenance discharge as 
period) to all cells for all scan lines; however, only those 
cells which have a wall charge will experience a mainte- 
nance discharge. 

[0016] The plasma display controller 104 further 
includes a display data controller 120. a panel driver 40 
controller 122, main processor 126 and optional 
field/frame interpolation processor 1 24\ The plasma dis- 
play controller 104 provides the general control func- 
tionality for the elements of the plasma display unit. 
[0017] The main processor 126 is a general purpose 45 
controller which administers various input/output func- 
tions of the plasma display controller 104, calculates a 
cell address corresponding to the received pixel 
address, receives the mapped Intensity levels of each 
received pixel, and stores these values in frame mem- so 
ory 106 for the current frame. The main processor 126 
may also interface with the optional field/frame interpo- 
lation processor 124 to convert stored fields into a sin- 
gle frame for display 

[001 8] The display data controller 1 20 retrieves stored 55 
display data from the frame memory 106 and transfers 
the display data for a scan line to the addressing/data 
electrode driver 132 responsive to a drive timing clock 



signal from the clock and synchronization generator 
108. 

[001 9] The panel driver controller 1 22 determines the 
timing for selecting each scan line, and provides the tim- 
ing data to the scan line driver 134 in concert with the 
display data controller transfemng the display data for 
the scan line to the addressing/data electrode driver 
132. Once the display data is transferred, the panel 
driver controller 122 enables the signal for the Y-elec- 
trodes for each scan line to ready the cell for the main- 
tenance discharge. 

[0020] To facilitate an understanding of the method of 
the present invention, the use of binary codewords for 
representing intensity levels of the pixels as is known in 
the prior art Is now described. 

[0021 ] Figure 3 illustrates the timing of a conventional 
PDF driving method employing binary codewords to 
achieve 256 intensity levels as is known in the prior art. 
The cell address and binary codeword value are stored 
in, and retrieved from, memory as display data. In Fig- 
ure 3, an image frame is divided into 8 subfields SF1 
through SF8. The number of sustain pulses of each 
maintenance discharge period for a cell in the panel var- 
ies among 1 , 2, 4. 8, 16, 32. 64, and 128 for subfields 1 
to 8 respectively Each subfield has a corresponding 
defined bit 0 through bit 7 of the pixel code word. Each 
subfield is divided into a fixed-length addressing inter- 
val, AD (having a line sequential selection sub-interval, 
an erase sub-interval and a write sub-interval), and a 
maintenance discharge period, MD1 through MD8 in 
which sustain pulses are applied to the cell to emit light. 
As is shown, the of the number of sustain pulses, 
Tsus(SFi), i=l-8, for each of the discharge periods for 
this scheme is in a ratio of 1 :2:4:8:1 6:32:64:128. 
[0022] To display an image, the required level of inten- 
sity for each of the pixels in the image on a line by line 
basis is determined by the intensity mapping processor 
102. The plasma display controller 104 converts the 
pixel address into a cell address, and converts the inten- 
sity level into a binary codeword value. As described 
previously, the binary codeword value is an 8 bit value, 
with each bit position in the 8-bit value enabling or disa- 
bling illumination during a corresponding one of the 8 
subfields. 

[0023] The subfield addressing operation begins with 
an erase discharge operation in which the wall charge 
on all cells in the line is erased. Each cell in the line is 
then selected to receive a wall charge based on the 
value of the bit in its corresponding intensity value that 
controls illumination during the corresponding sutrfield. 
Once all of the cells in the image have been addressed 
and appropriate wall charges have been established for 
a particular subfield period, the sustain pulses for the 
subfield are applied, and the cells having a wall charge 
are illuminated. 

[0024] The binary-coded method described above is 
effective only when brightness variations occur quickly 
and are integrated into a single average brightness var- 
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iation by the viewer's eyes. At least for certain transi- 
tions, however, the human eye does not completely 
integrate the changes in brightness causing annoying 
false contours to appear. These contours appear in 
moving images and in certain still images when the 5 
viewer scans across the image. This phenomenon is 
termed moving pixel distortion (MPD). A gray scale tran- 
sition of a pixel from 127 to 128, for example, using the 
brightness mapping described above will trigger MPD 
due to the uneven temporal distribution of the sustain 10 
pulses. Because of human visual characteristics, the 
perceived intensity level for this transition is not sus- 
tained in the range of 127 or 128 but is reduced to a 
lower value. 

[0025] The present invention makes the following is 
assumption about the transition it deals with. It is 
assumed that there are always three levels involved in 
the temporal transition for every pixel in the panel, 
namely an x-y-y transition. Should this assumption 
become invalid, the result may be sub-optimal. Specif!- 20 
cally. the present invention attempts to modify the value 
of the first y involved in the transition of interest. Equiv- 
alently, a N-bit binary representation of the first y is 
altered such that some one bits will become zero bits 
and vice-versa. 25 

Equalization of a Mutt* bit Code for Improved MPD Error 

Performance 

[0026] The present invention selects a sustain pulse 30 
timing scheme vyrhich distributes the briglitness levels 
produced by a transition from a first N-bit code value to 
a second N-bit code value by selectively inserting or 
deleting selected bits from the second N-bit code value. 
[0027] A first step in this method is to define a model 35 
for the perceived intensity level at the retina, r(t) so that 
there can be an objective way to measure MPD. This 
approximation is given in equation (1). 

t+T 40 

r{t)= J i(u)du (1) 



where T is one TV field period (normalized to 1 023 time 45 
units). Note that the partial sum of i(t) over each subf ield 
with the exact subfield boundary should yield the exact 
sustain period of that subfield. The partial sum of i(t) 
over each TV field with the exact field boundary should 
coincide with the expressed intensity level. 50 
[0028] As a practical model, a simplified time-varying, 
exponentially decaying rectangular impulse response 
for the retina is assumed in (1). The inventors have 
determined that this model provides sufficient accuracy 
for the MPD equalization method. It is contemplated, 55 
however, that other, more sophisticated retinal models 
may be used. 

[0029] To calculate MPD error, it is desirable to have 



an ideal perceived intensity curve for a given transition. 
Although, this intensity curve should be a step function 
between the two transition levels, it is difficult to pre- 
cisely define when during the interval between the two 
levels, the transition should occur. For this method, the 
error is defined as the minimum of the errors between 
each of the two levels. Mathematically, the MPD mean- 
square-error (MSE), e, for the transition between gray 
scale level x and gray scale level y is defined by equa- 
tion (2). 




where 61 (t) = |r(t)-x| and eaW = |r{t)-y| . 
[0030] Figures 5A and 5B show the minimum enor 
curve for a transition between 60 and 150 using an 8-bit 
binary code. The solid-line curve 510 represerits the 
perceived intensity as modeled by equation (1) and the 
dashed line curve 520 represents the MPD error (i.e. 
min{ei(t),e2(t)) for the transition according to equation 
(2). 

[0031 ] The inventors have deterrnined several advan- 
tages for using the MPD MSE: first, there is no assump- 
tion of eye movement; second, the degree of MPD 
artifact translates into MPD MSE, that is to say the big- 
ger the MSE. the worse the MPD artifact; and third, 
MPD MSE can be used as an objective function to f ind 
an effective MPD reduction scheme. 
[0032] One factor which affects the degree of MPD for 
a given pulse number modulation (PNM) code is the 
number of sustain pulses that are assigned to each b'rt. 
A particular assignment of sustain pulses to bits in PNM 
is referred to as a SP. In general, an SP is defined as a 
vector of pulse numbers associated with the bits of an 
intensity value. The generalized SP for an 8-bit PNM is 
set forth in equation (3) 

SP = [spi . spg. SP3, SP4, spg. spe, SP7, spg] (3) 

For example, the PNM code shown in Figure 3 has may 
be represented as SP = [1 , 2, 4, 8, 1 6, 32, 64, 128]. The 
inventors have determined that the MPD performance 
of a plasma display device may be improved by select- 
ing an alternate SP. For example, the SP [ 16. 8, 4. 2, 1 , 
128, 64, 32] has better overall MPD performance than 
either the SP [1 , 2, 4. 8, 16. 32, 64, 128] or the SP [128, 
64, 32, 16. 8, 4, 2, 1]. 

[0033] In the exemplary method, for a particular SP, 
each possible transition from a first level to a second 
level for a given N-bit code is analyzed according to the 
objective function and equalizing bits are selectively set 
and reset in the value representing the second level to 
minimize the objective function. The method of assign- 
ing equalization pulses according to the present inven- 
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tion assumes that the second level is maintained. 
Accordingly, the added equalization pulses should not 
create significant additional MPD in a transition from the 
equalized second value to an unequalized second 
value. The unequalized transition from the previous 
pixel value, x, to the cunrerrt pixel value, y, to the next 
pixel value, y, is represented by notation (4). 

x-^y-^y (4) 

The goal of the equalization process is to identify an 
equalizing value, eq, which, when added to the current 
pixel value, produces a minimum value for the objective 
function. If the equalized transition is represented by 
equation (5), then the objective function may be repre- 
sented by equations (6), (7), (8) and (9) where equation 
(9) represents the retinal response of the transition 
shown in equation (5). 

^-^yGq = y + eq->y (s) 20 



where: ei(ty3q)^|r(t,y,q)-x| (7) 
©20. yeq) = |r(t.yeq)-y| and (8) 

^i^^ysq)^ J Ku.x,y^^,y)du (9) 
. t 

35 

[0034] Ignoring the transition from zero to one. for an 
8-bit coding system, there are at most 255 values that 
yeq can be. One possible method for developing an 
equalization map for the cede set is to exhaustively ana- 
lyze all possible transitions. This entails analyzing 255^ 40 
= 65,025 transitions. 

[0035] Figure 6 is a flow-chart diagram of a code 
equalization process in accordance with the subject 
invention. This flow-chart diagram represents an inner 
loop of the process. The outer loop steps through each 4s 
of the 65,025 possible transitions in the code and 
assigns codes to the pixel value before the transition, x. 
and the pixel value after the transition, y The first step in 
the equalization process, step 610, receives the values 
for x and y and assigns a value of zero to the loop van- so 
able n. At step 612. y^q is assigned the current value of 
the variable n. At step 614, the process calculates the 
value of i(t,x.yeq,y) for the pixel. As set forth above, the 
function i(t,x,yeq.y) determines the retinal response for a 
transition from x to yeq to y The retinal response used in ss 
the exemplary embodiment of the invention the retinal 
response is modeled as a moving average during dis- 
crete time intervals. For each field period. 1024 normal- 



ized time units are defined. The gradual decay begins 
immediately after the occurrence of a pulse and is reset 
to full value by the occun-ence of the next subsequent 
pulse. An exemplary decay of this function is shown in 
5 Figure 4B. 

[0036] In the next step, 61 6. the function i(u.x,yeq.y) is 
integrated over the two field period of the transition from 
X to yeq to y according to equation (9). At step 618. the 
modeled MPD error functions are determined for the 
10 current value of y^q for the values x and y according to 
equations (7) and (8). At step 620, the MSE MPD value 
for the current value of yeq is determined and scored. At 
step 622, the loop variable n is incremented and, at step 
624, if n not greater than 255, control is transferred back 
IS to step 612 to determine the MSE MPD for the next 
value of yeq. If at step 624, however, n is greater than 
255, control is transfen-ed to step 626 which determines 
the, value of yeq that corresponds to the minimum MSE 
MPD. This value is stored, at step 626. for use in equal- 
izing the transition from x to y for the PNM code. In addi- 
tion, at step 626, the minimum value of the MSE MPD 
for this transition is stored. This value may be used, as 
described below, to evaluate the performance of differ- 
ent SPs. 

[0037] Although tiie process shown in Figure 6 is 
described as the inner loop of an outer loop which 
exhaustively tests each possible transition in the PNM 
code, it is contemplated that the process may be used in 
other ways. For example, the outer loop may calculate 
an en-or for a transition from pixel value x to pixel value 
y according to equation (2) above and compare that 
error to a threshold. In this alternative embodiment, the 
process shown in Figure 6 would be invoked only if the 
error exceeds the threshold. The process shown in Fig- 
ure 6 may also be modified to determine the minimum 
MSE MPD as the process executes. For example, at 
steil) 620, the currently calculated value for e(n) may be 
compared with a previous minimum value and replace 
the previous minimum value if the current value is less. 
In ttiis alternative embodiment, the value of n con-e- 
spohding to the new minimum value may also be stored. 
[0038] The process described above may also be 
used to compare the performance of different SPs. As 
set^orth above, after step 626 has been performed for 
the 'final combination of x and y. there is an array 
MSE^MPD which contains the minimum MSE MPD for 
each transition for the given sustain pulse assignment 
SP If the SP Is changed and the process is repeated, an 
array of MSE MPD may be generated for this alternate 
SP as well. The MSE MPD of the two SPs may then be 
compared to determine which results in the lower MSE 
MPD. It is contemplated that this comparison may eval- 
uate the individual SPs according to several different 
criteria such as the smallest average MSE MPD, the 
maximum MSE MPD or the median MSE MPD. In a 
more complete evaluation, all of these factors may be 
calculated and weighted to determine a metric which 
defines the effectiveness of the SP for the particular 
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PNM code. 

[0039] Figure 7 is a block diagram of circuitry suitable 
for use as the MPD equalization circuitry 102 of Figure 
1. Once the optimal equalization values have been 
determined, the argument values determined in step s 
626 for each of the transitions that were analyzed may 
be stored into read only memories (ROMs) 71 OR, 71 OG 
and 71 OB shown in Rgure 7. Each of the ROMs 71 OR, 
710G and 71 OB includes a 16-bit address port which 
receives the values x, representing the pixel value from io 
the previous frame, and y, representing the current pixel 
value, as a single address value and provides the stored 
argument value, y', as tiie equalized output value. 
These equalized output values. y\ then replace the pixel 
value y in the current image. is 
[0040] As shown in Rgure 7, the input pixel values for 
the red, green and blue primary color signals are 
applied to a programmable logic array (PLA) 708, which 
generates control signals for frame buffers 71 2R, 71 2G 
and 71 2B and also applies the received red. green and 20 
blue pixel values to both the respective ROMs 71 OR, 
71 OG. and 71 OB and to the respective frame buffers 
71 2R. 71 2G and 71 2B. The frame buffers are controlled 
to produce the pixel from the previous frame that corre- 
sponds in position to the cun-ent pixel at tiieir output 25 
ports. Thus, if y represents the red signal conponent of 
the first pixel in the first line of the current image frame 
then X represents the red component of the first pixel in 
the first line of the previous image frame. The address 
value for the ROMs 71 OR, 71 OG. and 71 OB is generated so 
by concatenating the respective x and y pixel values. 
The equalized output values. /, of the ROMs 71 OR, 
71 OG. and 170B are stored in respective registers 
71 4R, 71 4G. and 71 4B to synchronize the equalized 
red, green and blue color signals for further processing. 35 
[0041 ] The exemplary emtxxliments of the present 
invention have been described with reference to a 
plasma display panel having an 8-bit pulse number 
modulation coding method. However, one skilled in the 
art would recognize that the invention may be extended 40 
to other systems, e.g. 10 or 12 bit systems. In addition, 
the present invention may be extended to an interlaced 
display format. In this extension, the error function is 
calculated on a frame basis, as individual pixels in tiie 
image are addressed on a frame basis. It may be desir- 45 
able, however, to include in the retinal response model, 
terms relating to the pixels that surround the one pixel in 
the intervening field of the interlaced video signal. 
[0042] In addition, ratiier tiian testing each possible 
PNM code value as an equalizing code value, yeq. it so 
may be desirable to limit the code values that are tested 
to be within some range, for example plus and minus 10 
gray scale values from x and y. Finally, while the inven- 
tion has been described in terms of a plasma display 
device, it is contemplated that it may be used with any 55 
display device that uses pulse number modulation or 
pulse width modulation, for example a digital micromir- 
ror device (DMD) based digital light projector. 



[0043] While exemplary embodiments of the invention 
have been shown and described herein, it wilt be under- 
stood tiiat such embodiments are provided by way of 
example only Numerous variations, changes, and sub- 
stitutions will occur to those skilled in the art without 
departing from tine spirit of the invention. Accordingly, it 
is intended that tiie appended clairns cover all such var- 
iations as fall within the spirit and scope of the invention. 

Claims 

1. A method for determining an equalization code set 
for use with a pulse number modulation (PNM) 
code that is used to display video images on a dig- 
ital display device, the equalization cod^ set acting 
to reduce moving pixel distortion (MPD) in the dis- 
played images, the method comprising the steps of: 

a) determining first and second PNM code val- 
ues defining a transition between respective 
first and second gray scale values; 

b) selecting a first trial equalization code value 
in tiie PNM code; 

c) determining a first objective measure of 
MPD enror in a transition from tiie first PNM 
code value to tiie first trial equalization code 
value and then to the second PNM code value; 

d) selecting a second trial equalization code 
value in the PNM code; 

e) determining a second objective measure of 
MPD en-or in a transition from the first PNM 
code value to the second trial equalization 
code value and then to the second PNM code 
value; 

f) comparing the first objective measure of 
MPD to the second objective measure of MPD 
to determine which of the first and second trial 
equalization code values has a smaller meas- 
ure of MPD and assigning the respective trial 
equalization code value having the smaller 
measure of MPD as a preferred equalization 
code value; 

g) assigning the preferred equalization code 
value to the equalization code set. whereby the 
preferred equalization code value replaces the 
second code value when a transition between 
the first code value and the second code value 
is detected. 

2. A method according to claim 1 , wherein steps d) 
through g) are repeated for a plurality of respec- 
tively different trial equalization code values in the 
PNM code; and 

step f) includes the steps of comparing the 
objective measure of MPD for each of the plu- 
rality of trial equalization code values to a pre- 
viously determined minimum MPD value to 
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determine a smallest objective measure of 
MPD for the plurality of trial equalization code 
values and assigning the equalization code 
con-esponding to the smallest objective meas- 
ure of MPD as the preferred equalization code s 
value. 

3. A method according to claim 2, wherein the plurality 
of respectively different trial equalization code val- 
ues includes all code values in the PNM code. io 

4. A method according to claim 1 wherein steps a) 
through g) are repeated for each pair of code values 
in the PNM code such that the equalization code 

set includes a prefen^ed equalization code value for is 
each possible transition between two values in the 
PNM code. 

5. A method according to claim 1 , wherein the first and 
second objective measures of MPD error are deter- 20 
mined by the equation: 



12T 



where: T is one television field period, 

Veq is the first or second trial equalization 30 
value, 

eiayeq) = |r(t.yeq)-x| 
e£ayeq) = |r(tyeq)-y| 

t+2T 

^U'yeq)^ J Ku,x,y^^,y)du .and 

t 40 

rayeq)= J Ku.x:y^^,y)du 
t 

45 



modulation (PNM) code having optimal moving 
pixel distortion (MPD) performance comprising the 
steps of: 

a) selecting a sustain pulse assignment for the 
N-bit PNM code; 

b) for each pair of code values, x and y, in the 
PNM code: 

b1) determining a measure of MPD error 
for a transition between the code values x 
and y; 

b2) comparing the determined measure of 
MPD error to a threshold value; 
bS) If the measure of MPD error is greater 
than tiie threshold \^lue determining a 
code value, yeq, such tiiat the measure of 
MPD error for a transition from x to yeq to y 
is minimized; and 

b4) recording y^q as an equalization code 
value for the transition between x and y 
and recording the minimized measure of 
MPD en-or as being associated with tine 
transition between x and y; 

c) repeating steps a) and b) for a plurality of 
sustain pulse assignments; and 

d) conparing the recorded minimized meas- 
ures of MPD errors for each of ttie plurality of 
sustain puise assignments to determine meas- 
ure of MPD en-or is least and assigning the N- 
bit PNM code corresponding to the least meas- 
ure of MPD en-or as tiie N-bit PNM code having 
optimal MPD performance. 



represents a model of retina! response to a 
ti-ansition x y^q -> y, where x, y^q and y rep- 
resent corresponding image picture element 
(pixel) values in successive image frames. so 

6. A method according to claim 5, wherein u(tx,y6q,y) 
is a time-varying rectangular impulse response 
characteristic representing a moving average of 
sustain pulses including the sustain pulses corre- 55 
spending to the code values x, ygq, y. 

7. A method for determining an N-bit pulse number 
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r(t.yeq)=Ji(u. x,yeqy)du 
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ei(t.yeq)=|r(t.yeq)-X;| 
e2(t.yeq}=|''(t.yeq)-y| 
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(57) A digital display device, such as a plasma dis- 
play or a digital mlcromirror device (DMD) based digital 
light projector, employs a minimum moving pixel distor- 
tion (MPD) set of codewords for reducing visually per- 
ceived artifacts viewed on a digital display device 
(PDP). The digital display device includes a minimum 
MPD mapping process, which maps by, for example, a 
ROM look-up table, corresponding present and previ- 
ous pixel intensity values from first and second image 
frames into a preferred equalizing code value corre- 
sponding to the present pixel intensity value. An optimal 
set of equalizing codewords is determined by compar- 
ing objective measures of MPD error for each of a plu- 
rality of trial equalizing codewords and selecting the 
codeword having the smallest measure of MPD error. 
The optimal equalizing codewords are stored in a ROM 
lookup table which is addressed by the previous and 
current codewords. Each current codeword and its cor- 
responding codeword from a previous frame are applied 
to the ROM lookup table which provides the corre- 
sponding equalized codeword. This equalizing code- 
word replaces the current codeword in the display data. 
The digital display device controller then provides the 
display data, line by line, to the digital display device 
(PDP) using a scan driver and a data driver. Once the 
display data is loaded into the PDP for an image, the 
digital display device controller enables the sustain 
pulse drivers to illuminate the addressed cells with the 
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